Considering the widespread consumption of milk powder by the general population as well as the lack of studies on the toxicity of such industrialized foods, this study evaluated the cytotoxic and genotoxic potential of powdered milk from four reputed companies in the food market of Brazil and other South American countries. Milk samples were evaluated in root meristem cells of Allium cepa L., at concentrations of 0.065 and 0.13 g/mL, for 24 and 48 hours of exposure; and by means of cell viability in culture of cells of normal lineage, via MTT test, for 24 hours, at concentrations of 0.016; 0.032; 0.065 and 0.13g/mL. The concentration 0.13 g/mL was the one suggested for consumption in all milk packages evaluated in this study. In A. cepa, we observed that the milks, at both concentrations and at the two exposure times investigated, reduced the cellular proliferation of root meristems demonstrating a significant cytotoxicity. Furthermore, 0.13g/mL milks at the exposure time of 24h induced an expressive frequency of cellular alterations in the plant tissue, showing to be genotoxic. In the in vitro evaluation, three milks at 0.065 g/mL and all milks at 0.13 g/mL have significantly reduced cell viability, proving to be cytotoxic to the analyzed cell culture. Therefore, under the studied conditions, the powdered milks evaluated caused significant genetic instability to the cells of the test systems used.
INTRODUCTION
Due to the abundance of unsaturated lipids, saccharides, vitamins and minerals, cow milk is considered one of the most complete nutritional foods for the human diet and therefore marketed and consumed worldwide (TAFFAREL et al., 2015) . Among the options of industrialized milk offered to the consumer, the powdered or dehydrated milk is a variety of great demand and consumption by the general population and, consequently, very profitable to the food sector (FORCHETTI; POPPI, 2016) .
In Brazil, for example, internal market of dehydrated milk accounts for an average of US$ 200 million annually, a condition that allowed dairy companies to invest in current technologies and, therefore, to elevate the country to the ranking of powdered milk-exporting countries (SIQUEIRA et al., 2011; AGUIAR et al., 2015) . Here, dehydrated dairy foods are regulated and authorized for consumption and commercialization by the National Health Surveillance Agency (ANVISA), through the Technical Regulation on the Identity and Quality of milk, powdered variety, instituted by Administrative Ordinance 146, as of March 7 th , 1999 (BRASIL, 1999 SOUZA et al., 2014 . This regulation was drafted based on the Codex Alimentarius determinations, which regulates worldwide the general rules of chemical composition, safety and labeling of food (BRASIL, 1999; PFLANZER et al., 2010) .
Briefly, dehydrated milk is obtained by vacuum evaporation of fresh whole, semi-skimmed or skimmed milk, followed by spray-drying the concentrate until the powder is obtained (ABRANTES; SILVA-CAMPÊLO; SILVA, 2014) . Such thermal procedures minimize the proliferation of microorganisms and provide longer shelf and storage life to milk without loss of nutritional and sensory properties, such as aroma, flavor and color (BALKER et al., 2015) . However, although this dairy product is not supplemented with microingredients or synthetic additives with preservative, flavoring and coloring propertiescompounds considered in the food safety area as Industrial milk powder... MOURA, R. A. M. et al. expressive spoilers of the diet and potent allergens to the human organism (KONISHI; HAYASHI; FUKUSHIMA, 2014; MOURA et al., 2016 ) -artificial additives with emulsifying and anti-wetting action are added to this food during industrialization. The addition of such microingredients has the purpose of promoting the total dilution of the milk powder, as well as of significantly reducing the air moisture absorption or hygroscopic capacity of the milk powder during storage and after opened for consumption (AGUIAR et al., 2015; TAFFAREL et al., 2015) .
However, ANVISA and the Codex Alimentarius state in their technical regulations that many additives in industrialized foods, such as antiwetting and emulsifying agents, have been insufficiently evaluated for their potential cytotoxic, genotoxic, mutagenic and carcinogenic effects (BRASIL, 1999; BRASIL, 2007; XU et al., 2013) . As a result of this lack of studies on toxicity, to date, these microingredients have no Acceptable Daily Intake (ADI) defined, which allow the safe consumption of these food additives (BRASIL, 1999; BRASIL, 2007; ZAINEDDIN et al., 2012; SALES et al., 2017) .
Thus, the relevance and urgency of conducting research that, by means of appropriate bioassays, evaluates the cytotoxic and genotoxic effects of food added with artificial microingredients, such as industrialized milks, with the purpose of properly securing the well-being of consumers. According to ANVISA, the results obtained from toxicological analysis of food additives and, especially, food supplemented with such compounds, are the basis for elaborating or modifying the documents that regulate the basic composition and the daily intake index (BRASIL, 2007 , BEZERRA et al., 2016 , SALES et al., 2017 . However, a broad search in the scientific literature found no studies of toxicity evaluation of powdered milk.
The root meristem of Allium cepa L. (onion) is considered in the scientific field as an efficient bioassay for the initial screening of genetic toxicity of chemical compounds because of the reduced chromosomal number (2n = 16), which favors the detection of mitotic spindle or aneugenic changes, and disturbances in cellular proliferation index (NEVES et al., 2014; MANTOVANI; . It is a bioassay accepted internationally by research agencies as an instrument for the evaluation with accurate sensitivity to analyze the cytotoxicity and genotoxicity of the substance of interest, since the results obtained demonstrate, in most cases, satisfactory similarity to those obtained through animal testing systems and in cell cultures (TÜKOĞLU, 2007; HERRERO et al., 2011; LACERDA; TABREZ et al., 2011; GOMES et al., 2013; OLIVEIRA et al., 2013; CAMPOS; MARIN-MORALES, 2016; MOURA et al., 2016 .
Another important method in the preliminary evaluation of cytotoxicity is the cell viability observed in culture of cells exposed to compounds or substances of interest (MARQUES et al., 2015) . Such viability can be measured by reduction of the MTT salt, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide, also called tetrazolium salt, by means of the enzymatic pyruvate dehydrogenase complex present in the mitochondria. This complex transforms the tetrazolium salt into final metabolizing products called formazan crystals, which can be quantitatively measured (MOSMANN, 1983; MARQUES et al., 2015) . Thus, the MTT test relies specifically on mitochondrial functionality, which allows the determination of cell viability or metabolism in cell lines against chemical compounds, and thus determines the cytotoxic potential of substances of interest (MOSMANN, 1983; MARQUES et al., 2015) .
Given the above and considering the nutritional and economic importance of milk powder, as well as the lack of studies on the toxicity of this product and the microingredients added to its formulation during industrialization, the present study aimed to evaluate, in meristem root cells of Allium cepa and using the MTT test, the cytotoxicity and genotoxicity of samples of whole milk powder from reputed food companies in the Brazilian market, as well as in other South American countries. Whole milk was chosen for this evaluation because it is the most consumed by the Brazilian population.
MATERIAL AND METHODS

Samples of powdered milk
The brands of powdered milk -named in this study as A, B, C, D -manufactured by four different dairy companies with important performance in the food market of Brazil and other countries, were acquired in the retail market in the city of Picos, state of Piauí, Brazil, in August 2016. We were careful to check whether these foods were within the shelf life and the packaging were not violated and/or damaged. Industrial milk powder... MOURA, R. A. M. et al.
Determination of powdered milk concentrations for evaluation.
Milk samples were in packages containing a total of 130 g powdered product. On the labels, it was suggested to dissolve the whole milk content of the package in one liter of boiling water. Based on this, 0.065 g/mL and 0.13 g/mL concentrations were set for analysis in root meristems of A. cepa, and in cell cultures, the concentrations of 0.016; 0.032; 0.065 and 0.13g/mL. The milk powder was dissolved in boiling distilled water and allowed to cool down to room temperature to then begin the toxicity assessment tests.
Cytotoxicity and genotoxicity tests in root meristem cells of Allium cepa
Initially, onion bulbs were placed in aerated bottles with distilled water at room temperature (± 27°C) until roots were 2.0 cm in length. For analysis of each milk sample, we established an experimental group with five onion bulbs. Before placing the roots in contact with their respective milk samples (treatments), some roots were collected and fixed to serve as control of the bulb itself. Then, the remaining roots were placed in their respective treatments for 24 hours, a procedure called 24 hour exposure time.
After 24 hours, some roots were taken and fixed. After this, the remaining roots of each bulb were returned to their respective treatments, where they remained for more 24 hours, which was called 48 hour exposure time. Next, roots were again collected and fixed. The 24 and 48 hour exposure times were chosen with the purpose of evaluating the action of milk powder diluted in more than one cell cycle. Roots were fixed in Carnoy 3: 1 (ethanol: acetic acid) for 24 hours. In each collection, on average, three roots was taken per bulb.
The slides, on average 03 per bulb, were mounted according to Guerra and Souza (2002) , and analyzed under an optical microscope using objective lens 40X. For each onion bulb, we analyzed 1000 cells, totaling 5000 cells for each control, 24 hour exposure time and 48 hour exposure time of each treatment group under analysis. Thus, for each milk sample, we analyzed a total of 15,000 cells. Cells were observed in interphase, prophase, metaphase, anaphase and telophase. From this analysis, the mitotic index (MI) was determined by means of the following equation: (total number of cells in mitosis ÷ total number of cells analyzed) x 100. The MI value was a parameter used for the determination of the cytotoxic potential of the samples of milk under study.
In addition, we examined the genotoxicity of milk samples by the frequency of mitotic spindle alterations, considering C-metaphases, Multipolar anaphase, Anaphase and telophase bridges, Gene amplifications, Cells with adhesion, Nuclear buds and Micronuclei. For the statistical analysis of data on cytotoxicity and genotoxicity of the samples, we applied the chi-square test (χ2), with <0.05 probability level.
Cytotoxic activity evaluation against human tumor cell lines
The cytotoxicity of powdered milk samples against Vero cells was evaluated by the MTT 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (Sigma-Aldrich, Germany) method, through the quantization of viable cells (MOSMANN, 1983; MARQUES et al., 2015) . The cells were cultured in 96-well plates (TPP, Trasadingen, Switzerland), at a density of 2 × 10 5 cells/well. After a 24 hour incubation period, at 37 ∘ C in an atmosphere of CO 2 , the culture medium was removed and the cells were washed three times with serum-free L-15, and powdered milk diluted up to 200ߤL/mL in MM (L-15 medium with 2% serum) were added to the cells. Untreated controls were performed by the addition of 200ߤL of MM.
The cells were then incubated for 24 hours. The medium was then removed and 50ߤL of MTT solution (5mg/mL) was added. The plates were reincubated for 4h. After, the MTT solution was removed, 100ߤL of DMSO was added to dissolve formazan crystals, and the plates were gently shaken, whereby crystals were completely dissolved. The solubilized product was quantified by spectrophotometry at 492nm (reference at 620nm). Results were expressed as % viability cell considering absorbance control cells as 100% viable.
RESULTS AND DISCUSSION
The results in Table 1 show that the two concentrations of all analyzed milk samples, when compared to the mitotic indices obtained for their respective controls, caused a significant reduction of cell division in the root meristems at both 24 and 48h exposure times. For the concentration of 0.065 g/mL of all milk samples, the mitotic index results found for the 48 h exposure time were statistically lower than their respective division indices observed for the 24 h exposure time. At the concentration of 0.13 g/mL, the values of the cell division index obtained for the milks of all the analyzed brands at the 24h time of exposure were statistically similar to Still for A. cepa, it is important to note that the concentration 0.13g/mL, considered ideal for consumption by the manufacturers of the milks, drastically reduced the cellular division already at the 24h exposure time. Finally, based on the results in Table 01 , it can be inferred that the evaluated dairy products promoted significant inhibition of cell division to the plant test system, characterizing such foods as cytotoxic, under the study conditions.
According to Caritá and Marin-Morales (2008) , severe damage occurs when there is pronounced antiproliferative effect in tissues with intense proliferation with normal metabolic performance -such as the root meristem tissues used in the present study -exposed to chemical compounds with potential to cause genetic instability. Such cytotoxic compounds, for the most part, have the potential to significantly impair the growth and function of the organs in which they are acting. Complementing the information of Caritá and Marin-Morales (2008), Gomes et al. (2013) ; Sales et al. (2017) ; Moura et al. (2016) and Carvalho et al. (2016) state that the inhibition of cell proliferation by cytotoxic compounds in tissues of high cell proliferation and normal functioning and/or without cell changes -again mentioning here the root meristems used as bioassays in the present study -is quite detrimental to the organism by inhibiting or limiting the replenishment of cells, altering the production of proteins and, consequently, resulting in malfunctioning of the organ or tissue where it is located. Industrial milk powder... MOURA, R. A. M. et al. Table 2 shows that all analyzed milk samples, at a concentration of 0.065 g /mL and at 24 hour exposure time, promoted a significant number of cellular alterations in the meristematic tissue of the roots, proving to be genotoxic. However, it is observed that the number of alterations at the 48h analysis time was statistically lower than that observed for its respective 24h analysis time. Such decline validates the results of cell inhibition presented in Table 01 , since all milk samples at this concentration drastically reduced cell division at the highest exposure time considered. No cellular changes were observed in the meristems exposed to 0.13 g/mL of the evaluated powdered milks. This condition also confirms the results in Table 01 , once this concentration drastically inhibited cell division at the shortest exposure time considered. Table 2 . Number of cellular alterations observed in root meristem cells of Allium cepa exposed for 24 and 48 hours to samples of powdered milk diluted in distilled water, at the concentration of 0.065 g/mL, of the food companies A, B, C and D. In each treatment, only significant χ2 values were presented.
CO -Control; ET -Exposure Time; TCA: Total cellular alterations. Values followed by different letters within the same treatment are significantly different by the χ2 test, at 5% level. Aissa et al. (2012) claim that C-metaphases and multipolar anaphases occur in normal functioning tissues by the action of agents that affect the integrity of the nuclear spindle, promoting the correct alignment of chromosomes on the equatorial plate during cell division. Furthermore, Mazeo et al. (2011) report that bridges evidenced in anaphase and/or telophase cells are due to the action of compounds that significantly affect the functioning of the mitotic spindle during nuclear division, leading whole chromosomes to drift and give rise to micronuclei at the end of cell division. These authors also argue that these mitotic spindle variations, when recurrent, result in the generation of cells with distinct chromosome numbers.
Considering that the principle of the cell cycle is the formation of identical cells, the production of cells with a change in structure and/or chromosome number makes cell functioning infeasible and tend to be eliminated from tissues with normal performance. Based on information from Aissa et al. (2012) and Mazeo et al. (2011) , it is possible to suggest the form of action of powdered milks evaluated herein in root meristems, inferring that the reduction of cell division in plant tissue (Table 01 ) occurred due to the significant promotion of cellular alterations to this test system (Table 02 ).
In the tetrazolium reduction test (Table 03) concentration 0.065 g/mL and all the samples analyzed at the concentration 0.13 g/mL significantly reduced the cell viability of the culture exposed to the food in question, potentially toxic.
These data corroborate the cytotoxicity results described in Table 01 . The samples evaluated at concentrations of 0.016 and 0.032 g/mL were not cytotoxic to the culture of cells evaluated. According to the regulations of ANVISA (BRASIL, 1999), anti-wetting agents authorized for use in powdered milks are calcium phosphate, silicon dioxide, calcium carbonate and magnesium carbonate. There are no studies in the scientific literature evaluating cytotoxicity and genotoxicity for the dietary microingredients tricalcium phosphate and calcium carbonate. In turn, for the anti-wetting agent silicon dioxide, Rajiv et al. (2016) found that this compound had the property to significantly decrease the cell viability of human lymphocytes in normal cell culture, as well as to promote significant cellular changes, demonstrating a broad genotoxic potential. In relation to the magnesium carbonate, Ahamed et al. (2015) observed that this chemical had the ability to reduce cellular metabolism in human liver cell culture of normal lineage, showing to be significantly cytotoxic.
The results obtained by Rajiv et al. (2016) and Ahamed et al. (2015) corroborate our findings with A. cepa and MTT test. Nonetheless, these authors state that such research is still preliminary in the evaluation of toxicity of these food additives. With the exception of these two studies, no other studies were found in the literature on the toxicity at the cellular level of anti-wetting agents used in food. In relation to the microingredients of emulsifying action, the only permitted in Brazil for use in the composition of milk powder is lecithin (BRASIL, 1999) , but toxicity studies on this microingredient have not been found in the literature. However, according to the Codex Alimentarius, other ingredients of emulsifying action, besides that mentioned above, can be used in the industrialization of milk powder, however, this surveillance body does not quote what compounds (SONBOL et al., 2013) .
Therefore, the data obtained here through the meristem root cells of A. cepa and the MTT test showed that the dairy foods evaluated had a significant potential to cause toxicity at the cellular level, leading to an antiproliferative effect and the genotoxic effect to these bioassays. These results point out the need for these foods to be evaluated in physiologically more complex test systems, such as rodents, to investigate and deepen the results obtained here, once, according to Queiroz et al. (2015) , cellular alterations and drastic reduction of cell division, when in an expressive way, as evidenced in the present study, has great potential in promoting neoplasms in mammals.
CONCLUSIONS
The dairy foods evaluated had a significant potential to cause toxicity at a cellular level with the concentration of 0.13 g/mL, indicated as ideal for consumption in the packages of the powdered milks studied.
These results indicate the need to evaluate the powdered milk in animal bioassays, from treatments with longer exposure times, to verify and deepen the results obtained here.
The results of genetic instability verified by the action of powdered milks are of great relevance since, to date, there are no toxicity studies published with such foods. 
RESUMO:
Devido o amplo consumo de leite em pó pela população em geral, bem como, a carência de estudos sobre a toxicidade de tais alimentos industrializados, objetivou-se na presente pesquisa avaliar o potencial citotóxico e genotóxico de leites em pó provenientes de quatro empresas de reconhecida atuação no mercado de alimentos brasileiro e de outros países da América do sul. As amostras de leite foram avaliadas em células meristemáticas de raízes de Allium cepa L., nas concentrações 0,065 e 0,13g/mL, por 24 e 48 horas de exposição; e por meio da viabilidade celular em cultura de células de linhagem normal, via teste MTT, por 24 horas, nas concentrações 0,016; 0,032; 0,065 e 0,13g/mL. A concentração 0,13 mL/kg foi a sugerida para consumo em todas embalagens de leites avaliados neste estudo. Em A. cepa, verificou-se que os leites, nas duas concentrações e nos dois tempos de análise considerados, reduziram a proliferação celular dos meristemas de raízes demonstrando citotoxicidade significativa. Ainda, os leites na concentração 0,13g/mL induziram, no tempo de exposição 24h, frequência expressiva de alterações celulares ao tecido vegetal, mostrando-se genotóxicas. Na avaliação in vitro, três leites na concentração 0,065g/mL e todos na concentração 0,13g/mL reduziram significativamente a viabilidade celular mostrando-se citotóxicos a cultura de células analisada. Portanto, nas condições de estudo estabelecidas, os leites em pó avaliados causaram significativa instabilidade genética as células dos sistemas testes utilizados. Leite 
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